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Objective: We present the association of paternal uniparental disomy (UPD) 9 with mosaicism for a small
supernumerary marker chromosome 9 [sSMC(9)] and a supernumerary ring chromosome 9 [r(9)].
Materials and methods: A 38-year-old woman underwent amniocentesis at 17 weeks of gestation
because of advanced maternal age. Amniocentesis revealed a karyotype of 47,XY,þmar [25]/
48,XY,þmar,þr(9) [4]/47,XY,þr(9) [1]/46,XY [6]. The parental karyotypes were normal. Array comparative
genomic hybridization (aCGH) of cultured amniocytes revealed a result of de novo 9p13.1q21.11
(38,792,472e71,026,063) � 2.64. The marker chromosome was determined to be an sSMC(9) by spectral
karyotyping and aCGH. A phenotypically normal baby was delivered at 38 weeks of gestation. During
pediatric follow-ups at age two years, the neonate manifested normal psychomotor and growth devel-
opment. Cytogenetic analysis, metaphase fluorescence in situ hybridization (FISH), single nucleotide
polymorphism (SNP) aCGH and polymorphic DNA marker analysis were performed on the peripheral
blood of the neonate.
Results: The neonate's blood had the following results. Metaphase FISH confirmed coexistence of the
sSMC(9) and the supernumerary r(9). The karyotype was 47,XY,þsSMC(9) [14]/48,XY, þsSMC(9),þr(9)
[10]/47,XY,þr(9) [6]/46,XY [10]. SNP aCGH revealed arr 9p22.3q21.11 (14,234,165e71,035,608) � 2e3, arr
9p24.3p22.3 (216,123e14,629,321)hmz, arr 9p21.3p13.2 (24,769,722e36,732,597)hmz and arr
9q21.11q34.3 (71,013,799e141,011,581)hmz. Polymorphic DNA marker analysis showed paternal iso-
disomy 9.
Conclusion: Individuals with mosaicism for sSMC(9) and supernumerary r(9) may be associated with
paternal UPD 9.
© 2017 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an
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Introduction

A small supernumerary marker chromosome (sSMC) is an extra
structurally abnormal chromosome that cannot be identified by
conventional cytogenetics and has a size equal to or smaller than
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Fig. 1. (A) A karyotype of 47,XY,þmar. mar ¼ marker chromosome. (B) A karyotype of
48,XY,þmar,þr(9). r ¼ ring chromosome. (C) A karyotype of 47,XY,þr(9).
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that of chromosome 20 [1]. With the advent of molecular cytoge-
netic technology, prenatal diagnosis of an sSMC(9) has been well
described [2e16].

Clinical reports of uniparental disomy (UPD) 9 associated with
mosaic sSMC(9) are rare. To our knowledge, only one case with
maternal UPD 9 and mosaicism for a supernumerary r(9)
(::p12/q10::) in a girl with moderate mental retardation and
speech delay but no obvious dysmorphism [5,6,9,14] has been
reported. Here, we present a rare case of paternal UPD 9 associated
with mosaic sSMC(9) in a neonate with no apparent phenotypic
abnormalities.

Materials and methods

Clinical description

A 38-year-old woman underwent amniocentesis at 17 weeks of
gestation because of advanced maternal age. Amniocentesis
revealed a karyotype of 47,XY,þmar [25]/48,XY,þmar,þr(9) [4]/
47,XY,þr(9) [1]/46,XY [6] (Fig. 1). The parental karyotypes were
normal. Array comparative genomic hybridization (aCGH) analysis
on cultured amniocytes by Roche ISCA Plus Cytogenetic Array
(Roche NimbleGen, Madison, WI, USA) revealed a result of de novo
arr 9p13.1q21.11 (38,792,472e71,026,063) � 2.64 (Fig. 2). The
marker chromosome was determined to be an sSMC(9) by spectral
karyotyping (Fig. 3) and aCGH. A phenotypically normal baby was
delivered at 38weeks of gestationwith a bodyweight of 3325 g and
a body length of 48 cm. During pediatric follow-ups at age two
years, the neonate manifested normal psychomotor and growth
development. Cytogenetic analysis, metaphase fluorescence in situ
hybridization (FISH), single nucleotide polymorphism (SNP) aCGH
and polymorphic DNA marker analysis by quantitative fluorescent
polymerase chain reaction (QF-PCR) assays were performed on the
peripheral blood of the neonate.

Conventional cytogenetic analysis

Routine cytogenetic analysis by G-banding techniques at the
550 bands of resolutionwas performed on the neonate's peripheral
blood according to the standard cytogenetic protocol.

FISH

Metaphase FISH analysis on cultured lymphocytes was per-
formed using the bacterial artificial chromosome (BAC) probe of
RP11-960P7 (9p22.2, 17,807,208e17,995,652; Dye: Cy5) and Vysis
CEP9 Alpha Spectrum Orange (Abbott, Abbott Park, IL, USA) ac-
cording to the standard FISH protocol.

aCGH

SNP aCGH on the DNA extracted from peripheral blood was
performed using CytoScan 750K Array (Affymetrix, Santa Clara, CA,
USA). The array has 750,000 probes with a median resolution of
100 kb across the entire genome according to the manufacturer's
instruction.

QF-PCR

QF-PCR assay was performed on the DNAs extracted from the
peripheral bloods of the neonate and his parents. The markers of
D9S304 (9p21.1), D9S303 (9q21.32), D9S249 (9q21.33) and D9S299
(9q31.2) were applied to undertake polymorphic marker analysis to
examine the coexistence of UPD 9.



Fig. 2. Array comparative genomic hybridization analysis on cultured amniocytes shows the result of arr 9p13.1q21.11 (38,792,472e71,026,063) � 2.64. (A) and (B) Chromosome 9
zoon-in views.

Fig. 3. Spectral karyotyping analysis on cultured amniocytes shows a small supernu-
merary marker chromosome 9 [sSMC(9)] (arrow).
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Results

Metaphase FISH analysis on cultured lymphocytes of the neo-
nate's peripheral blood confirmed coexistence of the sSMC(9) and
the supernumerary r(9) (Fig. 4). The neonate's peripheral blood had
the karyotype of 47,XY,þsSMC(9) [14]/48,XY,þsSMC(9),þr(9) [10]/
47,XY,þr(9) [6]/46,XY [10]. SNP aCGH revealed a result of arr
9p22.3q21.11 (14,234,165e71,035,608) � 2e3 (Fig. 5), arr
9p24.3p22.3 (216,123e14,629,321)hmz (homozygosity), arr
9p21.3p13.2 (24,769,722e36,732,597)hmz and arr 9q21.11q34.3
(71,013,799e141,011,581)hmz (Fig. 6). Polymorphic DNA marker
analysis confirmed paternal isodisomy 9 (Table 1).
Discussion

We have presented a very rare occurrence of paternal UPD 9
associated with mosaic sSMC(9). To our knowledge, only six
paternal UPD 9 cases have been reported [17e23]. Kaiser-Rogers
et al. [17] first reported the detection of paternal UPD 9 in a dizy-
gotic female co-twin with intrauterine growth restriction (IUGR)
and late pregnancy in utero fetal death. Van der Hagen et al. [18]
reported prenatally diagnosed trisomy 9 mosaicism associated
with paternal UPD 9 in a child with prenatal findings of IUGR, atrial-



Fig. 4. Metaphase fluorescence in situ hybridization analysis on cultured lymphocytes
using the RP11-960P7 bacterial artificial chromosome probe (9p22.2,
17,807,208e17,995,652) (yellowsignal) and theVysis CEP9Alpha centromeric probe (red
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ventricular septal defects and mosaic trisomy 9 in amniotic fluid at
prenatal diagnosis, and postnatal findings of paternal heterodisomy
9 in the lymphocytes and skin fibroblasts, growth retardation,
development delay and muscular hypotonia. Yang et al. [19] re-
ported a 20-year-old female with paternal UPD 9 and juvenile
amyotrophic lateral sclerosis type 16 with the affected gene of
SIGMR1 being located at 9p13.3. Carvalho et al. [20] reported
paternal UPD 9 in a postnatal case with duplication and triplication
in 9q12-q21.11. Ma et al. [21] reported a 22-month-old girl with
severe developmental delay, congenital cerebral dysplasia,
congenital heart disease, trisomy 9 mosaicism and paternal iso-
disomy 9. Our case adds to the list of paternal UPD 9 with no
apparent phenotypic abnormalities.

The present case had molecular cytogenetic discrepancy be-
tween prenatal cultured amniocytes and postnatal peripheral blood
lymphocytes. In the cultured amniocytes, aCGH detected mosaic
duplication of 9p13.1q21.11, whereas in the peripheral blood, aCGH
detected mosaic duplication of 9p22.3q21.11. This discrepancy is in
accordance with the conventional cytogenetic discrepancy be-
tween cultured amniocytes and cultured blood lymphocytes. In the
cultured amniocytes, the supernumerary r(9) appeared in 5/36
(13.9%) of the colonies, whereas in the cultured blood lymphocytes,
the supernumerary r(9) appeared in 16/40 (40%) of the cells.

The present case had mosaic duplication of 9p22.3-q21.1 in the
peripheral blood. Various studies have shown that duplication of
9p11.2-p13.1, 9q13-q21.12 and 9p11.2-q13.1 are euchromatic vari-
ants with no phenotypic abnormalities [10,24e31]. The 9p dupli-
cation syndrome is characterized by psychomotor and growth
retardations, microcephaly, facial dysmorphism of down-slanting
palpebral fissures, hypertelorism, a bulbous nose, down-turned
corners of the mouth, low-set ears, short fingers and toes, hypo-
plastic phalanges of the fifth fingers, hypoplastic nails, genital hy-
poplasia, developmental delay and variable degrees of intellectual
disability [32e37]. Zou et al. [36] suggested that in cases with 9p
duplication syndrome, the critical region for mental retardation lies
within 2.6 Mb of the 9p22.3-p23, and the critical region for speech/
language delay lies within 4.9 Mb of the 9p21.2-p21.3. Haddad et al.
[38] and Fujimoto et al. [33] suggested that the minimal critical
region for the 9p duplication syndrome is located at 9p22-p24. The
region of 9p23-p24.3 carries potential autism spectrum disorders
(ASD) locus [39]. Abu-Amero et al. [39] reported a 17-year-old girl
with ASD, severe mental retardation, epilepsy, partial 9p duplica-
tion syndrome and a de novo SMC derived from 9p13.1-p24.3. Chen
et al. [40] reported a 13-year-old girl with microcephaly, facial
dysmorphism, brachydactyly, neuropsychomotor developmental
delay, speech delay and self-injurious behavior with trisomy 9p
(9p13.1-p24.3). Chen et al. [12] reported mosaicism for an sSMC
derived from 9p13.1-p23 and clinical features of attention deficit
and hyperactivity disorder (ADHD), clinodactyly and gynecomastia
in a 12-year-old boy. The present case had partial duplication of
9p13.1-p22.3. Bonaglia et al. [41] reported a 6½-year-old girl with
minimal physical findings and normal intelligence quotient (IQ)
with a partial duplication of 9p13.1-p22.1.

In summary, we present the detection of paternal UPD 9 in as-
sociation with prenatally detected mosaicism for an sSMC(9) and a
supernumerary r(9). Our case provides evidence that individuals
signal) shows (A) a normal cellwithdisomy9with twoyellowsignals and two red signals
in each chromosome 9; (B) an abnormal cell with two chromosomes 9 and a marker
chromosomewith only one red signal in the marker chromosome; (C) an abnormal cell
with two chromosomes 9, a marker chromosome and a supernumerary ring chromo-
some 9 [r(9)] with one yellow signal and one red signal in the supernumerary r(9); and
(D) an abnormal cell with two chromosomes 9 and a supernumerary r(9).



Fig. 5. Single nucleotide polymorphism array comparative genomic hybridization (SNP aCGH) analysis on the DNA extracted from the neonate's peripheral blood shows the result of
arr 9p22.3q21.11 (14,234,165e71,035,608) � 2e3. (A), (B) and (C) Chromosome zoom-in views.
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Fig. 6. SNP aCGH analysis on the DNA extracted from the peripheral blood shows the result of arr 9p24.3p22.3 (216,123e14,629,321)hmz, arr 9p21.3p13.2 (24,769,722e36,732,597)
hmz and arr 9q21.11q34.3 (71,013,799e141,011,581). hmz ¼ homozygosity.

Table 1
Molecular results using polymorphic DNA markers specific for chromosome 9.a

Markers Locus Father Mother Proband Result

D9S304 9p21.1 130, 150 134, 142 130, 130 Paternal isodisomy
D9S303 9q21.32 146, 154 146, 154 146, 146 Non-informative
D9S249 9q21.33 141, 141 141, 141 141, 141 Non-informative
D9S299 9q31.2 180, 188 180, 184 188, 188 Paternal isodisomy

a Alleles (basepair sizes) are listed below each individual.
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with mosaicism for sSMC(9) and supernumerary r(9) may be
associated with paternal UPD 9.
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